ABSTRACT At two temperate pasturelands in northern Mexico, we explored possible competition for food and space under pats during the simultaneous nesting periods of the univoltine species Dichotomius colonicus (Say), Phanaeus quadridens (Say), and Copris sierrensis Matthews. To simulate unlimited resources, 50 5-kg cow dung pats were placed at regular distance intervals in each pastureland. After building trenches around the pats, the number and depth of each nest, as well as larval development status, were documented once for a period of 1Ð 8 mo. Analyses of variance and association tests were used to make a between-site comparison of dung pat occupation, nests occupied per species, nests per dung pat, and nest depth below each pat. The proportion of pats occupied by each species differed signiÞcantly between sites. C. sierrensis colonizing most pats at one site and D. colonicus at the other. There were no differences between sites in the frequency of pats occupied by more than one species. The association test and Ochiai index showed that each species colonized dung pats independently. The results suggest that pat occupation depended on their location by beetles and the relative abundance of each species. The species tended to dig nests at different depths, possibly reducing interspeciÞc competition for space. It can therefore be concluded that, when food resources seem to be unlimited, they are shared following a "lottery dynamic" model if there is spatial differentiation among species.
In pasturelands, part of the primary production ingested by herbivores is returned to the soil as dung containing undigested Þber, easily assimilated Þne particles, and substantial amounts of microorganisms from the digestive tract. Dung is thus a resource rich in nutrients, but it is ephemeral and unevenly distributed in the landscape, creating the potential for competition among the many ßy and beetle species that consume it during the larval and adult stages (Hanski 1991 , Ridsdill-Smith 1991 , Tshikae et al. 2008 . The distribution, quality, and size of dung as packets of food (i.e., dung pats) depend on the density, behavior, and size of the grazers and the quality of the food they ingest (Hughes et al. 1975, Finn and Giller 2000) .
In the Þeld, the effects of pat size have been analyzed, showing that biggest species are most abundant in large pats, whereas smaller species prefer the small ones; therefore, dung pat size may be an important factor for reducing competition and also may affect tunneler beetle reproductive performance (Finn and Giller 2000) .
The mode in which fresh dung pats are localized and exploited and whether this is done by one or many species may be explained by resource heterogeneity (Horgan 2005) , niche differentiation (Errouissi et al. 2004 , Chefaoui et al. 2005 , Feer and Pincebourde 2005 , asymmetric competition where bigger individuals consume most of the available resource (Horgan and Fuentes 2005) , or a "lottery dynamic" in which the Þrst individual to arrive preempts the resource, decreasing the probability that other individuals from the same or different species will occupy the same dung pat (Hanski and Cambefort 1991, Jacobs et al. 2008) .
There are 12 coprophagous beetle species in the temperate pasturelands of La Michilṍa Biosphere Reserve, Durango, Mexico. Seven are endocoprid beetle species (Scarabaeidae: Aphodinae) (Murillo 1997) that live, feed, and reproduce within the dung pat (Finn and Giller 2000) , and Þve of these species are tunneler beetles (Scarabaeidae: Scarabaeinae) that dig galleries underneath the pats and use them to relocate dung for nesting and to feed larvae and themselves (Halffter and Edmonds 1984) . During the rainy season (JuneÐAugust), all adults emerge and use the available dung for feeding and nesting. In this region, there are three similarly large sized univoltine tunneler species. Adult length and width is as follows: Dichotomius colonicus (Say), 24.9 Ϯ 2.5 by 5.4 Ϯ 1.5 mm; Phanaeus quadridens (Say), 19.9 Ϯ 2.2 by 18.6 Ϯ 2.4 mm; Copris sierrensis Matthews, 18 Ϯ 1.3 by 9.5 Ϯ 0.8 mm (Anduaga and Huerta 2007) .
Because there are certain basic requirements for efÞcient reproductionÑsuch as the availability of space to harbor highly structured nests and a critical dung pat size that must be enough to sustain larval development until their emergence as adults (Halffter and Edmonds 1984 , Hanski and Cambefort 1991 , Finn and Giller 2000 , Finn and Gittings 2003 , González-Mejṍas and Sánchez-Piñ ero 2004 )Ñ our aim was to ascertain whether, because of similar size and habits but different behavioral patterns, these three species compete for food or nesting space in a limited window of opportunity or if dung pats are colonized in a more or less random manner. (González-Elizondo et al. 1993) .
Materials and Methods

Study
According to old local residents, there has been traditional cattle ranching in this region for at least 120 yr, with a different intensity of use of the grasslands, up to 1,000 cows in the 28,000 ha of the original property, which has now been subdivided into smaller lots. Currently, cattle are taken to the study area during the rainy season (SeptemberÐOctober). At this period, 62Ð162 cow pats/ha have been counted (Anduaga and Huerta 2007) , with each pat weighing ϳ3Ð 4 kg (C.H. and S.A., unpublished data; Hughes et al. 1975 ).
Species Studied. There are three behavioral nesting patterns in the species studied (Halffter and Edmonds 1984) . (1) In D. colonicus, there is slight bisexual cooperation, and both make simple nests with one brood mass or compounds with two or more brood masses.
(2) In P. quadridens, maleÐfemale cooperation is considerable during nest construction, and nests may consist of one brood ball or of compounds with two or more brood balls, each occupying a separate chamber. (3) In C. sierrensis, there is full maleÐfemale cooperation, with males defending galleries against intruders (C.H. and S.A., personal observation) and females making compound nests that they tend from egg to adult.
Field Work. Before the nidiÞcation period (which includes gallery digging, dung relocation into the galleries as feeding brood balls, egg laying, and, in Copris spp., parental care until emergence of adults; Halffter et al. 1996) had begun, in early September 2000, a 1-ha quadrant was established in each site. Within each quadrant, 50 cow dung pats weighing 5 kg each (to prevent desiccation) were placed at regular 10-m intervals along Þve parallel 100-m transects, each being 50 m apart. According to Hughes et al. (1975) , adult cows produce Ϸ12 depositions/d, and each fresh deposition is on average ϳ4 kg in mass (S.A. and C.H., unpublished data). Thus, our experimental pats were 25% higher in mass that those produced by adult cows. From previous research and unpublished data carried out over years, we are conÞdent that the occupation of colonized cow dung pats occurs within 5 d after their placement, and the extra 20% mass we added in our experimental pats guarantees longer exposition time before dung drying.
Examination of the 100 dung pats at both sites was done following a calendar that considered the reproductive period from nidiÞcation to the emergence of young individuals of each species. Each dung pat was checked only once in accordance to a random sequence assigned at the beginning of the experiment. The Þrst visit was in October 2000, and 32 dung pats were examined; the second was in March 2001 and involved 33 dung pats; Þnally, the remaining 35 pats were examined in May 2001. During all visits, each pat was lifted, and trenches measuring 1 m in radius with their center at the former pat location were dug to a depth of 70 cm. The beetle entrance holes at the surface and the galleries within the resulting cylinder of soil were followed until each nest was found. The following data were recorded: (1) evidence of beetle colonization activity, indicated by entrance holes and by removed soil near the pat; (2) number of nests of each species underneath the dung pat; (3) vertical depth of each nest; (4) number of brood masses and nest balls per nest; and (5) developmental stage of offspring.
After revision, all nests were reconstructed to account for full offspring development, and the soil was leveled close to its original depth. C. sierrensis nests were relocated with their respective mothers after each dung pat was checked. P. quadridens nest balls and D. colonicus brood masses were also relocated to their places of origin.
Data Analysis. We used a 2 test of independence (Zar 1996) to explore whether there were signiÞcant differences between sites in the number of dung pats with or without evidence of tunneler beetle activity (a 2 by 2 test) or in the number of nests per species (a 3 by 2 test). Analyses of variance (ANOVAs) (Zar 1996) were conducted to determine whether there were differences in the depth at which the nests were found in both sites. The number of nests per dung pat per site was determined by identifying the occupying species and calculating the proportion of each species per pat. Association tests and the Ochiai index (Ludwig and Reynolds 1988) were used to determine whether the pats were only used by the Þrst species to reach it or if two or three species associations developed during dung pat colonization. We used an ordinal logistic Þt model (JMP ver. 6; SAS Institute, Cary, NC) to determine whether the date of revision of each pat had a signiÞcant effect in the number of nests under pats.
Results
There were no signiÞcant differences in the number of nests as related to the date at which each pat was revised ( 2 ϭ 10.33, df ϭ 5, P ϭ 0.07). Because the value of P was near 0.05, we compared the medians by site and date and found that the median number of nests per pat tended to be higher in site A than in site B in the Þrst sampling date but that their 95% conÞ-dence intervals overlapped. Furthermore, the other median values were similar between sites in the second and third sampling dates. As a consequence, all nests were pooled along time but not site for further analyses, except those related to the larval life cycle. Dung Pat Occupation. Regarding the number of pats used by beetles, signiÞcant differences were found between the study sites ( 2 ϭ 5.76, df ϭ 1, P Ͻ 0.05). Nests were found in 82% of the dung pats in site A. In site B, nests were found only in 60% of the dung pats. Furthermore, there were signiÞcant differences between sites in the proportion of pats occupied by only one beetle species ( 2 ϭ 13.7, df ϭ 2, P Ͻ 0.01). In site A, C. sierrensis occupied 24% of the pats, D. colonicus occupied 20%, and P. quadridens occupied 6% (Table 1) . In site B, the predominant species was D. colonicus, with 30% of the pats with nests. Ten percent were used only by P. quadridens and 6% only by C. sierrensis.
In relation to pats occupied by more than one species, in site A, 14% of the pats contained nests of both P. quadridens and D. colonicus, 12% contained C. sierrensis and D. colonicus, 2% contained Copris and Phanaeus, and 4% contained all three species. In site B, 4% had nests of both Phanaeus and Dichotomius, 8% contained Copris and Dichotomius, and 2% contained Copris and Phanaeus; no dung pats contained nests from all three species (Table 1) . However, both the association test and Ochiai index indicated that each species colonized dung pats independently at the two sites (Table 2) .
Nests per Dung Pat. Most occupied pats (48% for site A and 54% for site B) contained only one nest, and the rest contained two to Þve nests or more regardless of the species (Fig. 1) . On a species level, the proportion of total nests of C. sierrensis and P. quadridens was signiÞcantly higher in site A than in site B ( 2 ϭ 11, df ϭ 2, P Ͻ 0.01), but the proportion of D. colonicus nests was similar between sites (Fig. 2) .
At site A, there were no more than four C. sierrensis nests under the pats with 5 Ϯ 2 balls per nest (n ϭ 30), no more than three P. quadridens nests with 1.24 Ϯ 0.52 balls per nest (n ϭ 25), and no more than eight D. colonicus nests with 1.53 Ϯ 0.95 brood masses per nest (n ϭ 44). At site B, the numbers were three for C. sierrensis nests with 4 Ϯ 2 balls (n ϭ 9), two nests of P. quadridens with 1.2 Ϯ 0.44 balls per nest (n ϭ 9), and six nests of D. colonicus with 2 Ϯ 1 brood masses per nest (n ϭ 45).
Nest Depth. There were signiÞcant differences in the depth at which the three species nested (F 5,157 ϭ 22.6, P Ͻ 0.0001). Multiple comparisons (Tukey honestly signiÞcant difference [HSD]; Zar 1996) indicated that C. sierrensis nests were signiÞcantly shallower than those of D. colonicus and that the nests of P. quadridens were of intermediate depth (Fig. 3) . Finally, there were no signiÞcant differences between sites for any species.
Developmental Stage of Offspring. We found that dung pat colonization occurred almost immediately in both pasturelands (which is probably related to the period when the dung pat was still fresh) because eggs were only found in October, i.e., 1 mo after the dung pats were placed in the two pasturelands (Table 3) . Also in October, Þrst-to second-instar larvae of D. colonicus and second-and third-instar larvae of C. sierrensis were found, and only third-instar larvae of P. quadridens were found. By March of the following year, most of the nests contained third-instar larvae. Finally, all pupae and imagos of the three species were registered in MayÑ 6 mo after the experiment began (Table 3 ). The imagos were still below ground, and there were no emerged adult traces as deduced from the exit hole in the brood balls.
Discussion
Although a resource as rich and ephemeral as dung may be located by individuals of many species seeking to make nests, our results showed that, depending on the site, 18 Ð 40% of the dung pats experimentally placed were not colonized, suggesting dung beetle density was low relative to the such induced resource availability. From what is known on emergence, reproduction, and nidiÞcation of the species studied (Moró n and Deloya 1991, Anduaga and Huerta 2007) , dung pat colonization must have occurred in a small window of time after the pats were experimentally placed in the pasturelands, and no further colonization should have followed. Our data show simultaneous larvae development of the three species and a consistent sequence of events: nidiÞcation and oviposition in September, larval development from October to April, pupal development in May, and adult emergence in June, coinciding with the rainy season.
The patterns of dung pat colonization in both pasturelands also suggest different dung beetle densities and that the predominance of species may vary from site to site, as inferred from the fact that the proportion of nests of Copris and Phanaeus was similar in site A, whereas Dichotomius was more abundant in site B. The greater frequency of D. colonicus nests under the pats compared with C. sierrensis and P. quadridens may be because of its ability to bury the greatest amount of dung for larvae development (Horgan and Fuentes 2005, Anduaga and Huerta 2007) , thus limiting the availability of this resource for other species.
The fact that there are signiÞcant intraspeciÞc differences in nest depth suggests that species overlap may be irrelevant to nidiÞcation space. Furthermore, the observed nesting behavior suggests that two or even three species can coexist under the same pat: nests of all three were found together in 4% of the pats in site A. It is also noteworthy that, when several nests of the same species were under a dung pat, these were found at different depths and at varying distances apart, suggesting the avoidance of competition for space. However, in similar tunneler beetle genera but different species that were experimentally subjected to lower resource availability (i.e., 1.5 kg/dung pat) and greater individual densities per pat, Horgan and Fuentes (2005) found that the bigger or more abundant individuals preempted the resource, thus promoting asymmetric interspeciÞc competition. This was not the case in our temperate species assemblage and environments, because densities were not large enough to colonize all dung pats. Thus, in temperate environments, dung pat colonization seems to follow a "lottery dynamic" in which the Þrst to arrive gets the best and most plentiful resources (Hanski and Cambefort 1991) , as documented earlier by Anduaga and Huerta (2007) . It would be interesting to follow up this experiment by showing how colonization by tunneler beetles differs when pats vary in size and density.
